Treatment of municipal solid waste has been performed by home-scale incinerator (HSI) to identify the gas emission formation and to evaluate the safety level of gases from home scale incinerator (HSI). Incineration of kitchen waste, disposable diapers and yard waste were performed with 1.5 kg for different time of combustion and observed every 5 minutes. These three wastes emitted at different value of NO x due to the composition of waste. The highest value of NO x obtained from kitchen waste was 23 ppm after 25 minutes, disposable diapers was 40 ppm after 20 minutes and yard waste was 56 ppm after 15 minutes. According to Malaysian Ambient Air Quality Guidelines, the emitted NO x gas from HSI meets the requirement while HC did not meet the requirement.
Introduction
Waste sectors from landfills and wastewater treatment processes emit greenhouse gas (GHG) which is harmful to the environment. Recently, it was reported that Malaysians produced about 33,000 tons of solid waste daily in 2013 amounting to about 12 million tons per year. At least 95 % to 97 % of all solid waste in Peninsular ends up in landfills, while 3% to 5% were processed in recycling factories. This is very dismal recycling rate and sheer waste of valuable resources which could otherwise have been recovered for use. Food waste is in a top rank that generated from residential area. According to the study that done by Tarmudi, in 2009 , food waste is the largest component of municipal solid waste with 41.48% were generated from overall waste [1] . The common practiced method for food waste is composting or anaerobic digester by restaurant or food courts operators. Chua et al., estimated the diverting in food waste treatment could cause reduction rate of GHG emission increasing from 12.26% to 29.11% for year 2020 [2] . Carbon dioxide (CO 2 ) is one of the main GHG from incineration while CH 4 and CO 2 were produced from waste landfill.
Air pollution is harming the health of children and parents. It causes many harmful effects, ranging from premature death, to headaches, coughing and asthma attacks. In order to reduce the effect of air pollutants to health and environment, emission of pollutant must be reduced as well for clean air (Mark, 2009) [3] . Modern incinerators adopt advanced process control measures to optimize the combustion process. Furthermore, application of advanced gas cleaning and pollution abatement equipment in incinerator can effectively control the release of pollutants and meet the most stringent emission standards [4] . Incineration requires proper process control, pollution abatement and gas cleaning systems in order to avoid the emission of pollutants such as acid gases, oxides of nitrogen, toxin, heavy metals and mercury. Dioxin and furan is the common chemical produce in this process during high temperature (above 800 o C) will cause cancer and effect on birth defect.
The complexity of waste composition requires more advanced treatment for disposing of waste. Incomplete combustion may release toxic pollutants. This present study focused on formation of NO x and hydrocarbon gaseous during combustion of kitchen waste, disposable diapers and yard waste by HIS.
Methodology
Waste samples collected by their categories which are 1.5 kg of food waste, 1.5 kg of used disposable diapers and 1.5 kg of yard waste. Prior to combustion, the samples were dried in open air. It is important to ensure that all the wastes maintain at zero moisture content while burning. The experiment was performed using home-scale incinerator (HIS) as shown in Figure 1 (a). Heating liquid in gel form is applied for the fuel of combustion. Two sets of thermocouple type K was used to record the temperature data during combustion. 
Results and discussion
The composition of the waste incinerated and combustion conditions bring effect to the pollutants present and its concentration. Moreover, thermal input to incinerator and excess of air level also have significant role in gas volume. The thermal decomposition of waste may be combusted incompletely during incinerating. Three routes formation of organic micropollutants can be generated from (a) incomplete combustion of organic waste present in original waste, (b) synthesis of new compounds during and past combustion in incinerator chamber (c) presence of other sources which are interferes during combustion such as support fuel and combustion air [9] . In case of nitrogen oxides, NO x , nitric oxide and nitrous oxide are main components. The first one is a colorless and odorless while the second one is a reddish color with strong smell [6] . Nitric oxide is give account to acidification, eutrophication and photochemical ozone. While emissions of nitrous oxide are minor significant for most combustion process, but in fluidized bed combustion can become important due to its specific in temperature range. The incinerator released highest concentration of NO x at 15 min from yard waste, followed by diapers at 20 min and food waste at 30 min. Organic nitrogen content which is bound in these three wastes as the main source of NO x formation released at different time [7] . Local flame temperatures and oxygen concentration are highly influence on the rate of NO x formation [8] . Based on Clean Air Regulation that prepared from Department of Environment (DoE) Malaysia, of the NO x should not exceed 200 mg/m 3 which is equivalent to 106 ppm. From Figure 3 , the highest value of NO x that released from HSI is about 56 ppm which is come from yard waste. Since that the limit of NO x that can be released from
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Advanced Research in Materials and Engineering Applications incineration process is 106 ppm, it can be concluded that level of NO x emission is still under safety level. Figure 3 Releasing NO x from domestic waste Figure 4 Releasing HC from domestic waste Reaction between organic contents from waste and oxygen such as carbohydrate based from food and yard waste, paper and adsorbent based from diapers, with oxygen in incinerator chamber provide the oxidative atmosphere and exothermic decomposition. Food and yard waste could be classified as cellulose biomass waste generation. The combustion fate of cellulose based biomass involve two steps (1) combustion of cellulose and hemicelluloses from biomass with lower lignin content at 250-350 o C and (2) combustion of lignin at 350-500 o C. At lower temperature, the dominant combustion come up form hemicelluloses, while higher temperature arise from cellulose degradation [10] . Figure 4 reveals food and yard wastes released highest concentration of hydrocarbon gas (HC) in range of 919 ppm. This phenomenon may happen due to interaction between organic compounds in particular carbohydrate based as a main component in waste with oxygen in chamber. However, this current research only provides general observation about the total hydrocarbon gaseous amount. Further details observation on specific organic compounds formation during incinerating is required. According to Clean Air Regulation that prepared by DoE Malaysia, the limit for HC emission from incineration process in any size of incinerator is 40 mg/m 3 which is equivalent to 27 ppm. However, the result from the Figure 4 shows that it has exceeded the limit that set by DoE Malaysia.
Conclusion
Drying pretreatment of wastes prior to combustion is required have to be in dried condition to maintain zero moisture content while combustion, so that the waste is easy to change ashes at the end of combustion process. From the incineration process of municipal solid waste which is food waste, used disposable diapers and yard waste, the objective to evaluate the level of NO x and HC emission is archived. Incineration of those wastes using HIS would produce NO x within safe level. However, HC emission had exceeded the limit that has been given by DoE. The current study found that the incineration of three representative wastes released NO x at safety level. However, the exceeded HC emission would reflect that the content of each waste would contribute in raising the value of HC emission. Futher improvement on HSI for suppressing the formation of HC during combustion is strongly recommended. 
